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Executive Summary

This report describes the Sample Planning Tool (Tool) developed by Research Triangle
Institute (RTI) for sample designs for surveys conducted by the Defense Manpower Data Center
(DMDC). The software is designed to produce optimal sample designs for stratified random
samples. The approach implemented by the Tool is particularly suited to the depth of
information available to DMDC when survey populations are defined.

DMDC has a wealth of information about military personnel and their families to assist S
in the design of survey samples. Information is available to segment the population into specific
groups that are expected to have differing response rates to surveys and prevalence rates
associated with survey questions. Segmenting the population and sample based on this
information allows for more precise survey estimates than would be afforded by a simple random
sample. Furthermore, setting precision requirements for sets of these segments assures DMDC
that the survey results will provide useful information for addressing policy questions. The Tool
incorporates information about expected response rates, prevalence rates, precision requirements,
and the population distribution to produce an optimal sample.

The Tool was developed as part of the design effort for the 1995 Sexual Harassment
Survey and the 1996 Equal Opportunity Survey. DMDC has also used the Tool to design the S
samples for a number of other surveys: the 1996 Survey of Retired Military Personnel, the 1997
Junior Enlisted Spouse Survey, the DoD Financial Services Survey, the Survey of Parents'
Opinions on Department of Defense Domestic Dependent Elementary and Secondary Schools,
the Survey of Parents' Opinions on Local Schools.

The Tool is written in Visual Basic and executed in Microsoft Access 2.0. The Tool
does have some sampling theory limitations. For example, the Tool is not suited for cluster
designs (e.g., a sample of personnel from a sample of bases in which case the sample bases are
considered clusters).

A formal mathematical procedure based on Karush-Kuhn-Tucker theory is used to S
determine the sample size and allocation. The procedure involved developing equations to
describe the variance of the sample estimates and the variable survey costs, then simultaneously
solving the equations subject to the (inequality) precision requirements. The obtained solution is
unique and is the sample allocation that jointly satisfied the precision requirements for the least
cost. The allocation procedure was first described by Chromy (1987).

This report assumes a background in sampling theory. The intended users of the Tool
are sampling statisticians and other analysts familiar with sampling theory. In addition, users of
the Tool need to have a firm understanding of the demographics of the target population and the
analytic goals of the survey effort.

Iiii
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Introduction

This document describes software developed by the Research Triangle Institute to assist the
Defense Manpower Data Center (DMDC) in the development of sampling designs. This
software is referred to as the Sample Planning Tool. The Sample Planning ToK)l was
developed under the 1994/1995 Status of the Armed Forces Surveys (SAFS) contract
specifically to assist in the design of the 1995 Sexual Harrassment Survey (SHS) and the
1996 Equal Opportunity Survey (EOS). Although developed specifically for theise 4
surveys, this version of the software is applicable to the general class of designs with cost
models that are restricted to mail data collection procedures and variance models that are
restricted to stratified random sampling design. Many DMDC surveys are of this geaieral
type of design. Features of the Sample Planning Tool assist in:

"* constructing and stratifying the sampling frame, 4

"* constructing cost and variance models,
"* defining the reporting domains to provide the basis for specifying the precision

requirements for the surveys, and
"* specifying and imposing the precision requirements.

*4
In this version of the Tool, cost models are restricted to mail data collection procedures and
variance models are restricted to stratified random sampling designs.

With the above information the Tool computes the minimum cost allocation of the sample
that will satisfy the precision requirements. The mathematical basis for the Tool is provided * *
by the Karush-Kuhn-Tucker necessary conditions for function minimization (Kuhn &
Tucker, 1951) as described by Chromy (1987). Appendix C of this manual contains a paper
which gives details of the algorithm specific to the surveys in SAFS.

The Tool is designed to assist with the development of survey designs. Other activities are
also a part of any probability-based survey, such as sample weight construction, nonresponse !
weight adjustments, and estimation. The user is referred to the methodology reports for the
1995 SHS (Mason, Kavee, Wheeless, George, Riemer, & Elig, 1996) and the 1996 EOS
(Wheeless, Mason, Kavee, Riemer, & Elig, 1997) for examples specific to surveys of U.S.
military personnel. A general discussion of survey design, weighting, and estimation can be
found in sampling texts such as Cochran (1977) and Wolter (1985). •

The Tool also generates summary reports that describe the salient features of the design and
the sample allocation. The reports serve to assist both in the development of the sampling
design and in its final documentation.

The Tool is written in Visual Basic and executed in Microsoft Access 2.0. This manual has S
been written for persons with a modest working knowledge of Access. In the vernacular of
Access, program objects may be tables, queries, forms, reports, macros, or modules. The
Tool user interface consists of an ordered set of forms, which can be thought of as screens
through which the program communicates with the user and vice versa. However, users
familiar with Access can access any of the objects that comprise the Tool. •

• • 4



Further, Tool objects can be exported to and imported from other Microsoft products that
support object linking and embedding. For example. Access table objects can be exported to
Excel for additional analysis and Access report objects can be exported for inclusion in
reports being written in Word. As a cautionary note, the current version of the Tool makes P
no checks of table layouts and field definitions. The presumption is that the tables have been
generated-by the Tool. Importing tables from other sources, such as Excel, for use in the
Tool may result in run-time errors if the table layout and format are not exactly that which is
expected in the Visual Basic code.

This version of the Tool does not modify the standard Microsoft Access 2.0 menus or
toolbars. These remain as they are configured by Access with Access-defined functions.
The user is guided through the Tool by forms that have the word Menu in the window bar of
the form rather than by the menus.

Each form in the Tool is discussed on at least one page in this document. The actual screen
presentations are included with the text to assist with the explanation. Some general rules
are applied to aid in reading the manual as follows.

"* Table and data set names are identified by quotation marks, for example, "Cost Data".
The contents of the significant tables discussed in the report are provided in Appendix A.

"* Form names are written in italicized, sentence-case form, for example Define Sip atuni
Levels.

"* Objects within a form, such as list boxes and controls, are written in italicized, upper-case
form, for example, CONTINUE.

Initializing The Tool

To initialize the Tool two types of information must be supplied. The information must be
created and stored in table-form as a part of the Tool database before running the Tool itself.

The first type of information is the "Source Data" which can be supplied in one or more
tables. The tables, in the aggregate, contain all of the relevant variables and variable value5
that are needed to construct the strata and to define the reporting domains. The character
string "Source Data" must appear at the end of the otherwise arbitrary names given to the
tables. The varibles appear as fields (or columns) in the table with the variable values being
the entries in each field. The field names (or column headings) assigned by the user become
the variable names used by the Tool in all subsequent steps.

The last field in the table is labeled COUNT. This field contains the numbers of population
units to which the variable values listed in the row of the table apply. The "Source Data"
table must contain the COUNT field and at least one variable field. This version of the tool is
programmed to handle only categorical variables which can be coded using either numeric or
character strings. The variable value or code fields are text fields of sufficient length to
accommodate the codes. The COUNT field is numeric, using long integers (4 byte words).

2
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In this example Of a
section Ot a 'itl-ce

2 5 1 1 Data" table, three
6 variables are sho%• %4r 3 5 1I

3 6 1 3; in addition to the
-4 6 1 1 counts of individuak.

S0 16 N The tool from this

1 1 2 4, point op. knovs the
1 1 15 variables bk, the field

12 2 1
1 3 1 68 f names (column head-

Recoid:14937 of 8824 lim LA .. ings) Used in1 the
table.

The second type of information consists of tables that identify the variable codes listed in the
"Source Data" table or tables. The codes for each variable appear in a separate table. The I
code tables are named "List Of (variable name) Codes", where the variable name is
identically the field name used in the "Source Data" table. Each table is exhaustive it) the
sense that every allowable value or code for the variable in question appears in the table.
Conversely, the Tool assumes that any variable value that appears in the "Source [Data" table
and not listed in the appropriate code table is an invalid code. Codes not identified in the
appropriate code table are considered unknown for purposes of constructing strata and
defining reporting domains.

Each code table consists of two fields. The first field in the table is labeled with the same
name as the name assigned to the field that contains the corresponding variable in the
"Source Data" table. The field contains a description of the variable value or code that I S
appears in the same row of the second field in the table. These code labels will appear in
most reports generated by the Tool. The label of the second field in the table repeats the title
of the first field with the word "Code" added.

' -- 1ý ý ýWThe example code table provides the

I Codexhaustive list of variable values ori

codes assigned to the Race/Ethnicity
non-Hispanic Black 2 variable in the above "Source Data"
Hispanic (any race) 3 table segment. Note that the field
Native American 4 name Race/Ethnicity assigned to the

--Asian & Pacific I slander 5Other 6 variable in the "Source Data" table is d

repeated in the code table name and
+1.431Recoid:1 1of 6 1,11I- both fields in the code tab'e.

Several code tables have been developed in the course of using the tool for the SAFS and are
already included in the Tool database. The list of available code tables can be viewed by I

loading the tool and unhiding the Database window. The Database window is unhidden bN
selecting the menu item Unhide from the Access WINDOW menu, if the WINI)OW Menu is
showing, or from the FILE menu if the WINDOW menu is not showing.

3
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Loading The Tool
The diskette accompanying this manual contains the self-extracting file MSTRTOOL.EXE.
Create a hard disk directory to contain the Tool and make this directory the active directory.
Insert the diskette in a floppy drive, say drive A, and execute the DOS command
AAMSTRTOOL from the active directory.

The file MSTRTOOL.MDB will be created in the active directory. To use the Tool, first
copy MSTRTOOL.MDB to a working directory giving it a new name in the process, for
example, FORMD.MDB. Keeping the extension .MDB on all copies of the Tool allows S
Access 2.0 to be opened and the correct copy of the Tool to be loaded simply by double
clicking the appropriate file name in Windows FILE MANAGER. Alternately Access 2.( can
be opened and the appropriate copy of the Tool loaded from within Access.

Constructing A Source Data Table S
Prepare the source data as a worksheet in a spreadsheet format recognized by Access (such
as Excel) or as a fixed field or delimited ASCII file. Open Access 2.0 and load an
appropriately re-named copy of MSTRTOOL.MDB. The tool opens showing an
identification screen which is replaced in a few seconds by the form Sampling Tool Menu.
Close the Sampling Tool Menu using the CONTROL-MENU BOX located on the extreme S
upper left corner of the form window (a standard Windows control; see The Parts of a
Window, Microsoft Wirdows User's Guide, Microsoft Corporation, page 8).

Click the Access FILE menu item UNHIDE and unhide the DATABASE window. This
action changes the Access FILE menu items, which now include the item IMPORT... . Click *
IMPORT... and follow the instructions in the Access dialog boxes to load the source data. If
more than one file is needed for all of the source data, they can each be imported at this
point.

When the source data has been added to the Tool database each file will be identified by its
capitalized DOS file name under TABLES in the DATABASE window. Highlight the S
imported source data tables in turn. click on the Access FILE menu item RENAME and
rename the table or tables following the "Source Data" Tool name conventions described
previously.

The field names in the tables can be added or edited and the tables formatted by clicking on
thte 'able names and opening the tables in DESIGN VIEW from the Tool DATABASE
window. Fields containing the variable values or codes are formatted as text fields with field
sizes large enough to accommodate the variable value code with the most characters. The
COUNT field is formatted as a long integer numeric field.

Return control to the Tool by clicking FORMS on the DATABASE window and double S
clicking the form Sampling Tool Menu.

Constructing A Code Table
Code tables can be imported following the same procedure described above for the "'Source S
Data" tables. However, the code tables are small enough that it is likely easier to construct
these using Access directly.

4



S

Unhide the DATABASE window, if it is hidden, using the Access WINDOWS menu or FILE
menu as appropriate. Click TABLES and then click NEW on the DATABASE window.

Access responds with the choice between using
a wizard or creating a table without assistance.
Click NEW TABLE. Access will open a new
table in design view. Under Field Name, firstj :key the variable name assigned in the "Source
"Data" table, and then key the same name
followed by the word Code. Assign both fields a
data type of Text. Set other field characteristics

r :as desired. Save the tab!e using the SAVE AS
item on the Access FILE menu and the namiing
convention discussed earlier. S

The example below shows the "List Of Race/Ethnicity Codes" table open in design view
with the Race/Ethnicity Code field highlighted. Note that this field has been designated as
key, indicated by the outline of a key to the left of the field name. Designating a field as key,
among other things prevents the keying of any duplicate entries in the field. This feature
ensures that the same code has not been assigned more than once. Further, the table will
always be in sort by the values contained in the key field. Other useful (but not essential)
field properties are listed in the bottom part of the figure.

Race/Ethnrcit, Text

caes(N Dplcaes
yaato TOM • Entry must be 0 through 6 o Wnm

Entries in the two fields are simply keyed into the table after switching the table to datasheet
design view.

. • • •• • •
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New Features In Version 1.2
Between 1995 and 1997, DMDC has used version 1. 1 of the Tool to design several surveys. This
experience has suggested several enhancements that have been incorporated in version 1.2.
DMDC's work in this period also identified some minor problems in version 1.1 that have been
corrected in version 1.2. The enhancements listed below have not been incorporated into the
subsequent sections of the Sampling Tool User's Manual.

I

Enhancements

a In some DMDC applications, the time interval between the development and approval of the
sampling design and selection of the sample is such that the source information used to
construct the sampling frame and reporting domains will have been updated in the interim.
Version 1.1 of the Tool necessitated repeating the steps associated with constructing the
strata and defining the domains in order to incorporate the updated source information. In
version 1.2, new command buttons have been added to the forms Construct Strata and
Construct Stratum/Domain Counts that will incorporate the updated information without the
necessity of repeating the previous work. After the relevant form is invoked, press the USE
PREVIOUS STRATUM DEFINITIONS command button to process the new frame.
Pressing DONE will close the form and save the new counts to the corresponding tables.

0 The precision requirements for a survey are specified in terms of the confidence interval
half-widths to be associated with sample estimates of the proportions of individuals in
specified domains that exhibit arbitrary sets of characteristics. The domain proportions are
referred to as prevalence estimates in the Tool documentation. In general, some of the

4 domains defined for this purpose may be combinations of others. Under this circumstance a '
consistent value of the prevalence estimate for the combined domain is computed as the
weighted average of the component domain prevalence estimates, where the weights are the

Srelevant domain sizes. Version 1.1 of the Tool provides the user with no assistance in
computing consistent values of the prevalence estimates. A new form, Combine Domains,
has been added to version 1.2 that allows the user to combine previously defined domains
and that will compute consistent values of the proportions for the resulting combinations.
This form is invoked from the Reporting Domains Menu. After opening the form, select the
domains to be combined to create the new domain using the SELECT command button.
Press SELECTION COMPLETE once all of the domains have been selected. The DONE
button calculates the new domain sizes and prevalence estimates, and closes the form.

I
0 In a typical application, DMDC data processing personnel are responsible for selecting

samples of specified sizes from within each of the design strata. Version 1.2 of the Tool
generates a "lookup" table for communicating the relevant design specifications to the DP
programmers. The new form Export Lookup Table is invoked from the Sample Allocation
Menu. After pressing the CONTRUCT TABLE command button, this form generates a table
containing the stratum identifiers, stratum sizes, stratum-level sample sizes, and the variable S
names and variable values (i.e., codes) that define the strata. The lookup table can be
exported to a file using the Access Export utility after the DONE command button has been
pressed.

0 In constructing strata, the user specifies the variables to be used to define the dimensions of
stratification and the variable values to be used to define the levels of stratification within
each dimension. Not infrequently some of the initially specified strata turn out to be too

7
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small to support a reasonable sample allocation and are combined with others. The user
provides instructions for collapsing strata using the interface provided in the Collapse Strata
form. This form has been enhanced in version 1.2 of the Tool to display the descriptive
label or labels of the combined strata generated as a result of each combine instruction once S
the COLLAPSE STRATA button has been pressed. After viewing the label, the user can
accept or reject the result. Rejecting the result automatically undoes the associated combine
instruction allowing it to be re-formulated.

Response rate information is supplied to the Tool is two pieces through the Response Rate
form. The first piece is the expected response rate for each of the design strata. The second 5
piece is the proportion of the stratum-level response rate that is expected to be obtained on
each mailing. In a typical application, the stratum-level response rates are likely to be
different in different strata while the proportions obtained at each mailing are likely to be the
same in all strata. Version 1.2 of the Tool displays the previously keyed proportions so that4 they can be entered again without the necessity of re-keying them.

* The Tool Menus list the various steps in the design process. Version 1.2 contains some new
menu items and re-orders others to provide a more logical sequencing. Also, some of the
version 1.2 forms contain new command buttons and the labeling of some of the controls on
some of the forms has been changed to better describe the intended functionality.

tS

Corrections
0 The calculation of stratum per unit cost coefficients has been corrected.

* The inconsistency in reporting the size of the "Unknown" stratum has been removed.

4 Field widths for population and sample size totals provided on various reports have been
expanded to accommodate eight digits.

Other Features
The Tool was developed using Windows 3.x and the illustrations provided in this manual
were produced using that operating system. The illustrations in the manual will have some
minor differences with what appears on the screen when viewed with a more recent
Windows release.

* The Tool was developed using Access 2.0 which is not compatible with more recent Access
releases.

8
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Using The Tool 6

i ".

Once the Tool has been initialized the user may proceed with:
* defining the dimensions and levels of stratification,
* computing the stratum sizes,
* defining the reporting domains to be used in setting the precision requirements for the

survey,
* setting the precision requirements,
* computing the domain within stratum sizes and marginal domain sizes,
* defining the cost model,
* setting the cost coefficients specified by the cost model
• setting the response rates to be used, and, 5
* computing the sample allocation.

Usually in the course of developing a sampling design several iterations are needed to
achieve the desired results. Stratum definitions, domain definitions and precision constraints
may be modified several times in response to the determined sample allocations. The Tool
has been designed to facilitate making these types of changes during the course of the design
development.

9
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Sampling Tool Menu

[lie Edit Plew Becords Window Help ¾,

salad St* Oefve Sampling SomansDelve Cost Models .. I

Ca4 uSde Swnle AIocaton

~~F _ F _ r 1 F" Ft 1 .. .. V-11.....

The Sampling Tool Menu is the first screen displayed when the sampling tool is opened after
the identification screen on the previous page disappears. All steps used in calculating the
sample allocation are invoked from this originating menu. To select an item, highlight it by S
clicking the line item with the mouse. Once the procedure choice is made, press the
CONTINUE button. Another menu will appear listing the individual steps to be completed.
To exit the sampling tool, press the EXIT TOOL button.

To close the Sampling Tool Menu without exiting Access, click on the
CONTROL-MENU BOX on the upper left hand corner of the menu bar

Sand press CLOSE.

Menus, procedure step forms and procedure step reports are discussed in the remainder of
this section. Some general rules apply across all three types of screens. First, the mouse
pointer takes the form of an arrow on the screen. When the arrow is transformed into an
hourglass, the system is processing a command such as opening a form or saving data to a
table. No action should be taken with the mouse until the arrow has returned. Second, the
system will beep when an error has occurred, when a decision is required to continue with a S
process, or when a lengthy process has completed. A message box or status bar message will
indicate the appropriate action. These points are discussed throughout the manual.

10
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Overview Of Tool Menus

File Edit Ylew Records Window Help 5

JD=efine Stblcicaoon Varab•e•

SeIecI Step [ Define Stratum Levels

Construct Strata
Report Straka

1 Colamse Strata

SFa I ' L I*

All procedure steps that need to be completed to compute the sample allocation are invoked
from a menu screen. In Access terminology, the Tool menus are forms. However. for
consistency and clarity we will use the term menus to mean those screens which direct the
invocation of task specific forms and the term forms to mean the screens which are used to
complete a specific task. 5

All menus have the same basic structure consisting of a list box of procedure steps, a
CONTINUE command button and an EXIT MENU command button. A procedure step is
selected with a single click of a mouse on the relevant line item. Once a step has been
selected, the CONTINUE button will highlight in red signifying that the Tool expects this
button to be selected next. Clicking the CONTINUE command button will cause the form for
the procedure step to invoke- this form is displayed overlaying the menu.

If the CONTINUE button is pressed prior to choosing a
procedure step. a single button message box with a
bright yellow exclamation mark will appear telling the S
user that a procedure step has not been selected. The
menu is returned to it's original condition after the OK
button has been pressed.

The tool assumes that the procedure steps will be completed in the order in which they are
listed in the menu. That is. forms activated at a given step may require information obtained

in a previous step. Since information is retained in tables as part of the database, the steps

II

S• •• • • •• •

0 00 0 0



need not be completed within the same sampling tool session. Message boxes, similar to the
one shown above, will appear if the table information required by a process step does not yet
appear in the database.

However, changes made in the course of the total design development will necessitate
repeating some of the procedure steps. If a step is repeated, then the tables generated in
steps following the repeated step will exist, but will contain information that is no longer
consistent with the changes made in the repeated step. Consistency is re-established by
repeating these steps also. S

The EXIT MENU button closes the menu. If the menu in question is the Sampling Tool
Menu, then this command button additionally closes the database and exits Access. On all
other menus the EXIT MENU button returns control to the Sampling Tool Menu.

12 •
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Overview Of Tool Forms 00

ERie Edit Ylew Becords Window Help

1Select ame Dommnm Vandals

2. Press SELECT VARIABLE.

Component
Pay Grade

1I I,,... fl -V . . . .. .. • •

Procedure steps, such as the defining sampling domains step depicted above are completed
using forms invoked from a particular menu. All forms have a descriptive title (Defile
Domains) to indicate which task is to be completed. Instructions and general information are
usually provided in two places. a yellow box near the title and the status bar at the bottom 5

left corner of the Microsoft Access screen. The status bar will contain either instructions or
a blue meter that displays the percentage of some action that has been completed, such as the
percentage of records that have been processed.

Objects associated with the next action to be taken in the form, such as a command button or 0
a list box. are highlighted in red. In the form above, the user is required to select a variable
to be used in the declaration of Domain #1. Once a variable has been selected, the red

highlight is transferred from the label DOMAIN VARIABLES to the words SELE(CT
VARIABLE on the SELECT VARIABLE command button at the bottom of the form.

Most forms will have text boxes, list boxes and command buttons. Text boxes are the white 0

rectangles on a form in which one or more numneric values are to be read or entered. Oin the
form above, DOMAIN NUMBER is a read-only text box. List boxes, similar to those used in
menus, will contain information from which a selection can be made (DOMAIN
VARIABLES) or just viewed (DOMAIN LABEL). Command buttons, such as SELECT
VARIABLE and DONE, cause the form to process defined information and invoke an action. 0

13
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The Tool is programmed so that the values entered in text boxes and the selections made
from list boxes may be changed prior to pressing a command button. For example, a
selection can be made from the DOMAIN VARIABLES list box and changed prior to pressing
the SELECT VARIABLE command button. Once this button is pressed, value codes for the
selected variable are processed and displayed in the VARIABLE VALUE list box.

Most but not all forms will have an UNDO button. When
7this button is pressed, information for the current action,

such as defining a domain, will be erased and the form reset.
It is important to note that this button will not delete any data
that had been previously saved.

* -. • ..•.•, A In this example domain
OWN 3 has been defined as

Smale but should be S
female. If DOMAIN

SRace/Eth'ic'ty COMPLETE has not

been pressed, then
pressing UNDO will

N clear the DOMAIN
LABEL and re-set
DOMAIN NUMBER to

3.

lay Grade

n- r.-. ss ,nr lvn *

Because its behavior differs on different forms, the UNDO command button is discussed in
what follows with reference to the relevant forms.

14
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Overview Of Tool Reports0

[ale Edit Yiew F~fmat Window lielp

12 1 3,7T 9ratuniAm $615 x4W04B¶E-ED.Et~eaigcWta
D~ia~kd~n $410
Na~kirg$375

3 S794_ qruAade ~ 0~15 f +8.E746MEe+EH41cEt av ra~iw~t~
NaCii~n $410
rNagkig $375*4
NaRonswg $141

4 81794 StratnAeg $2515 AnVJPEr 2D+iEtAretscary.
DataGbdkn $4ý101
ECaStahrg $375

Pageoosr 11

Reports are used to display information produced within the procedure steps. For example.
the above report (Cost Coef~ficients Report) provides a listing of the coefficients used in the
cost model for each sampling stratum. Other information, such as STRATUM SIZES and
STRATUM LABEL, is also listed. If this form is invoked prior to the STRATUM AVERAGE*
information being defined, then zeros are shown in place of the stratum average cost coeffi-
cients. Missing information is also depicted as blank entries in some reports.

Note that any previously reported information is lost with the invocation of a new report.

4 8,184 9ratunAmae ~ $315 Any 346C+E24'M E~wNa~iwArmcm+,

CdaCtdicm $410

Once the report is displayed on the screen the document may be paged
through by using the page selector in the bottom left corner.

15
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The screen may be expanded to its full size by pressing the up arrow it 6
the upper right corner of the report.

Elie Edit Ylew Format Wlndow Help

* .

Provided that a printer has been connected prior to invocation of
the Tool, the second button on the toolbar (a printer) will cause a

hard copy of the report to be produced.

The left-most button on the formatting toolbar (an open file folder with an
arrow) will close the report and return control to the calling menu.

1 6
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Constructing Strata
Stratification provides a mechanism for controlling the distribution of the sample %s ith S
respect to characteristics of interest to the investigation. Usually the characteristics cho•.en
as stratification variables are associated with data collection costs and with the need to have
predetermined representation in the sample of specified subpopulations. The subpopulations
can be defined for example by factors such as geography, demographics, and differential
response rates or other measurement problems. To be useful as a stratification variable the
identified characteristic must be known for essentially each element in the sampling frame.
Elements for which one or more characteristics are unknown can be grouped together in an
"-unknown" or "other" stratum, but the size of this group must be relatively small if the
stratified design is to be truly effective.

As the term is usually used, stratification partitions the frame in the mathematical sense. S
That is, each element in the frame can only belong to a single stratum. Further, in the
aggregate the strata completely account for the entire population of interest. If this is not the
case, then non-coverage biases arise in association with the incomplete frame. The
magnitude and direction of the biases depend on the number of population units excluded
from the sample and on the differences between the excluded and included units.

Most often samples are independently selected in different strata. A sample size must be
specified for each stratum. Different sampling designs and estimation procedures and/or
different data collection designs and measurement procedures may be used in different strata.
though this is an infrequently used method. As implemented by the Tool, the user first
identifies those variables in the "Source Data" table that will be used to define the strata. In
the Tool terminology, the stratification variables define the dimensions of stratification.
Next, the user identifies which variable values or codes are to be used in constructing the
strata. The variable values define the levels of stratification in each dimension; a level may
be defined by a single variable value or by groups of variable values.

As the Tool is currently written, strata are initially constructed by cross-classifying each of S
the defined dimensions. In general a complete cross-classification is likely to result in some
very small, perhaps totally empty, strata. Depending on the total sample size, very small
strata may be too small to make an important contribution to controlling the distribution of
the sample, and may even contribute to some difficulty in initially selecting the sample and
later in computing variances. Certainly empty strata need to be eliminated from further con-
sideration. However, despite these difficulties the cross-classification provides a convenient
mechanism for indexing the strata within the Tool tables. This aids in keeping track of the
cumulative changes that might be made in the dimensions and levels of stratification in the
course of the design. On the other hand, this approach necessitates programming the
additional capability to collapse some s:rata into others, to increase the size of the resulting
strata and for other purposes. S

The forms described in this section provide the user interface for identifying the variables
and variable values to be used in stratifying the sampling frame, for constructing the strata,
and for subsequently collapsing the strata should this be necessary. The Tool report for this
step lists the stratum identifiers and stratum sizes and identifies the variables and variable
values used to define the strata.

17
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Define Strata Menu

File Edit View Records Window ielp? •' p

"EDene Stra*ticatron Vauables
Select Step Detine Stiaum Levels

Construct Strata 5
Report Strata
Collapse Strata

SI •

s$41d Po""s . . . .

The second menu in the sample allocation sequence is the 1)e/ine Strata Menu. All of the
procedure steps associated with the construction of the sampling strata are completed fromn

this menu. The menu items deal with:

"* defining the dimensions of stratification,
"* defining the levels of stratification,

"* assigning the stratum identificatiot numbers and computing the stratum sizes.
"* collapsing selected levels of stratification.

"* reporting the stratum definitions and stratum sizes-

As with the originating menu (Sampling Tool Menu), a form is invoked by clicking the
corresponding line item with a mouse and pressing CONTINUE. The EXIT MENU button is
pressed to close the menu and return control to the originating menu.
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Stratification Variables Form

[ile Edit View Becords Window Help

1. Select the atI Sefvice/Component
vaialde$ to be used inlI Servicefth design in dw .,de,. in Component •
which the skata afe to be I]Pay G fade
constiructedot.. "

2. Clc Done to use the | :Race,,Eth.i0y :S

SxlI• S ervice/Component

2 1`3ender

S*WtV&bAndPm* SELECT I -r .

The Stratification Variables Form is the first of two forms used to the create sampling strata.
This form enables the declaration of the stratification variables or dimensions. All variables
listed in the "'Source Data" files, except the variable COUNT tsee "Source Data" discussion.
pg. 2), are included in the variable list box and are candidates for use as stratification
variables.

If dimensions of stratification were defined in a previous session, then their labels are
provided in CURRENT DEFINITIONS list box. Otherwise, the list box will contain "none."

New dimensions are chosen by clicking a variable name and then pressing SELECT. As the
dimensions are selected, the DIMENSION number is incremented and the variable name
selected is added to the CURRENT DEFINITIONS list box.

The DONE button is pressed after all dimensions of stratification have been defined or if the

definitions defined previously are to be used.

In 'his example above two dimensions of stratification have been defined, Service/Coin-
ponent and Gender.

19 5
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The relevant code tables contain six S

Navy 2 Service/Component codes and two
MarNe Corps 3 Gender codes.
Ar Force 4
Coast Guard 5
AGR/TAR 6

1IRecordl 1 ol 6-2
Female 2

Record 1 lot 2

Thus at this point two dimensions of stratification have been defined, one potentially at six
levels and the other potentially at two levels. If no changes are made, then 6 x 2 = 12 strata S
can be defined. However, not all of the codes listed in the code tables need to be used to
construct .'rata. Further, several codes may be combined to form a single level of
stratificatiomi.

2
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Stratum Levels Form

File Edit Yiew Becords Window Help

J- W" 

K

4 Stifit or. MaiineCorps 3S2. Clic]k Lev'el Cowoplets to use Ow, Aw Foice 4
;!" c uIm n t dl kbi io . C oast G uaid 5

The Stratum Levels Form is the second of two forms used to create sampling strata. The
levels of stratification in each dimension are defined in this form. As in the Stratificationl
Variables Form, any previously defined levels created for the relevant dimensions are
displayed in CURRENT DEFINITION list box. If there are no previous definitions, then
default levels listed in the corresponding code tables are provided in the list box.

The previous level definitions or the default levels are used simply by pressing LEVEL
COMPLETE command button. Alternately, new levels are defined by clicking the variable S
values or codes listed and pressing SELECT. As each value is chosen and SELECT pressed.
the value label and code is listed in the CURRENT DEFINITION list box.

21
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I SI

_ .. Multiple values or codes can
1 1. Select the Py Grade Code(*) l be used to define a single

that defite this level of t2 e
utvatification. og. F3 3lvlk nti xml h a

2. Click Level Complete to use On 1E4 4 rades El through F4 have
c 'nI6t definion. E5 5 been combined to define level

El I within dimension 3. l'aN
E z 2 Grade.

. E3 3
E4 4

Press LEVEL COMPLETE to signal that all of the codes needed to define the level of

stratification have been identified. Control passes back to the code list. Press DIMENSION •

COMPLETE after all levels have been defined for the dimension in question.

If an incorrect definition is created for a level, UNDO clears the definitions for all of tihe
levels within the current dimension and resets LEVEL to one. DONE will save all dimension

level information to the table "New Stratum Key" and close the form. Control returns to the

De/ine Strata Menu.

22
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Unused Level Codes Form

Eile Edit View Becords Window Help

Warning: As Currently Defined The Sampling
:• Frakme Is Incomplete

past Guard 5
National Guard/Reserves 8

Sd. Lev* j UE I fV F. .

If one or more of the codes provided in a code table are not assigned to a level of
stratification in the Stratum Levels Form, the Unused Level Codes Form will activate. The
purpose of this form is to call to the user's attention the fact that the sampling frame may be

4 incomplete. The codes in the code table that have not been used to define a level of
stratification are listed in alphabetical order in the LIST OF UNUSED CODES list box for
the CURRENT DIMENSION.

In the above example the sampling frame is being stratified by Service. Codes identifying
the Coast Guard and National Guard/Reserves are provided in the relevant code table but p
have not been used to define levels of Service. The omission might be an oversight or
intended given the scope of the survey in question.

23
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i nPress RE-DEFINE LEVELS if omission of the Coast
Guard and National Guard/Reserves is an oversight.
Control returns to the Stratum Levels Form with LEVELS
reset to one and CURRENT DEFINITIONS set to "none"
for the CURRENT DIMENSION.

Press USE INCOMPLETE FRAME if the Coast Guard
and National Guard/Reserves are to be intentionally
omitted. Control returns to Stratum Levels with
DIMENSION appropriately incremented and LEVEL set
to one. •

24_
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Construct Strata Form
I SP

Elie Edit View Records Window Kelp

used~~~~~~~~~ 
oocl 

uaet e sz s o h e i ed str e ata. T et al n m rof s aac mp ed b

crsigalo h imnin ssoni teTTLDFNDSRAAtx o.Alo

t a s dt oast Guaid Souce Data
May iCox= Souce Dtia

Once the dimensions and levels of stratification are specified, the e.nstruct Strat FOrm is
used to calculate the sizes of the defined strata. The total number of strata computed by

4 crossing all of the dimensions is shown in the TOTAL DEFINED STRATA text box. All of
the available source data files (those tables with "Source Data" at the end of the name) are
displayed in the SOURCE DATA FILES list box. From this list the data sets to be used in the
calculation of the stratum counts are specified.

4If a data file exists but contains no records,.
F 8then a single-button message box appears

with this information. Only exiting the
sampling tool and importing the table will

A repair this problem.

If not all of the source data files are to be utilized, select an appropriate file by clicking the
corresponding line item in the list box and pressing the SELECT SOURCE FILE command
button. Additional files are chosen after each data set is processed.

The SELECT ALL SOURCE FILES command button will cause the program to process all
valid source data files in the database without having to select each line item. The total

25
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number of records in the selected 'Source Data" table is displayed in TO"IAL SOt'R("i
DATA RECORDS once a command button is pressed.

IM As records are

processed, the
overall CLuMUlati\e

stratunm count is

exhibited it the

.(LASSIFYING RE-
(ORD NUMAiBER
text box.

The percentage of records processed is shown on the blue meter
positioned in the lower left portion of the screen. Stratum sizes
are stored in the table "'Stratum Sizes."

Press DONE once all relevant files have been processed.

26
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4
Stratum Sizes Report

File Edit Ylew Firmat Wfindow Help

%RAMb Sitabus Oeacumliepr
liibo. Sm

1 111.152 Service Army
CONUIScCONUS CONLIS
Pay G rade El+E2-E3-E4
Gender Male
Pa ce/B hnrciy non-Hispanic kste

2 34,977 Serv•ce Army

CONUS/.VCO NUS CONLIS
Pay G rade EIE2+E-3E4
Gender Male
RP ce,, hnr•cy non-Hispanic Black

3 8794 Service Army

CONUWCONUS CONUS
Pay G rade El÷E2+E3*E4

Gend e Male
Racei/hnicky Hispanic )any race)

F -

The first in the series of sampling tool reports is the Stratum Sizes Report. The purpose of
this report is to allow the identification of strata containing a "small" number of subjects'
(STRATUM SIZE). An absolute minimum of two observations in any stratum is required for
the calculation of variance estimates. However, for a stratum-level estimate to have any
reasonable power, each stratum should have quite a few more than two observations. Strata
which are judged to be too small are combined using the Collapse Strata Form described
next. Obtaining a printout of the Stratum Sizes Report is strongly suggested for reference
while using the Collapse Strata Form. •

The DESCRIPTION column on the report lists the dimension of stratification, such as
Service, followed by a level within the dimension, such as Army. When the report is
invoked, a blue meter is provided in the bottom left corner of the screen to display the
percent of records processed in the course of generating the report.
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Collapse Strata Form

Efle Edit Diew Records Window ticlp

4Sewvce/Cornporient
Pay Glade

Gender

1 1 0

The UIl/apse Strata For~in is used to collapse strata that are Judged to be too Small or that
may need to be collapsed for other reasons. The form opens with the dimensions of

stratification displayed in the DIMENSION list box.

The proce-
RacetEthnicity non- Hispanirc Whot e dures used in

2146 228 Ser~rceComponent AGR/TAR
Cloc CONUS this form are
Pay Grade El + E2+ E3+ E4 explained
5Gender Female u s 1ng( the
Place-Ethnicity non -Hi spani c 6lack< following

247 84 Service/Component AGRl/rAR examtple. Sup-
Cloc CONUS
Pay Grade El1+ E24 E3+ E4 pose that strata
Gender Female have been con-
Race~Ehnicity H ispan c (any (raoe structed with 0

5 48 32 Ser~c&Componenit AGR/TAR the five dimen-
Dloc, CONUS sions shown in
Pay Griade El1+ E2+ E3+ E4 this excerpt
Gender Female
RaceýEthnrcity Native American+ Asian & Pacific Islander+ Other fromi Stratwit

Sizesi' Repor-t.

The decision is made to collapse stratum numbers 248 and 247 into 246 to form a new level.
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The new level combines non-Hispanic Black, Hispanic (any race), and Native American + 0
Asian & Pacific Islander + Other into a single level within the Race/Ethnicity dimension.
For the example collapsing is to be completed only for female enlisted grades E I+E2+E3+E4
within the CONUS location of AGRfTARs.

Select the dimension to be collapsed,
P G-: • namely Race/Ethnicity, by clicking its
G' ilabel in the COLLAPSE DIMENSION

.. , list box and then pressing the SELECT
DIMENSION command button- All
remaining dimensions are cleared from
the list. A list of levels for Race is
provided in the COLLAPSE LEVEL list
box.S

Select in turn the levels
_______ to be collapsed, Native

Race/..." .. y American + Asian &
Pacific Islander +
Other, then Hispanic
(any race). First high-

u J * light a label in the
ron-Hispafc Black COLLAPSE LEVEL list
Hisparnc (a race)

JN*aiveAweican+Asia. box and then pres,,
SELECT LEVEL. After

" both selections are
complete, press SEL.E-C-
TION COMPLETE.

Next select the level within the
Race/Ethnicity dimension into

a ... Rwhich the levels selected above
are to be collapsed, that is non-
Hispanic Black. The list box

LAV I is non- , ......... • .......... INTO LEVEL lists the available
NpvvArnic (anyrace) non-Hispan iBi.e...... choices. Select the "into" level
Hispanic (any race) non-Hispanic Black

by first clicking its label and
then pressing the SELECTz LEVEL command button.

The information in the list boxes shows the selections made to this point. The complete
screen for the example is shown below.

29

SS 0 0I 0 S 0 0



Race/Etfwticily SevieCononS

IPay Grade.
IGender

Native Ameficarr.Asra non-Hispanic B lack

H spanic (any race)

One step remains, namely identifying the dimensions and level, of stratification with[n
which the Race/Ethnicity collapsing is to take place. For the example, the collapsing is to be
completed for AGR/TAR female enlisted grades El through E4 in CONUS. The complete
lil't of "within" dimensions, all of them except the Race/Ethnicity dimension. i, proided in
the WITHIN DIMENSION list box.

Pa " aeSelect each WITHIN DIMENSION in turn. I:ir,,t

Gender click the dimension label in the WITHIN S *
________ck ______o __e__ DIMENSION list box and then the SELECT

iCoastGrArd cDIMENSION command button. The list of

AGR/TAR available levels in the selected dimension isl
shown in the WITHIN LEVEL list box.

tel

Co Select the level or levels by clicking the
Pay Grade level label in the WITHIN LEVEl, list box
Gender and pressing the SELECT LEVEL.

_ _command button. When a dimension level
)anc Black Focirce is selected, the dimension label is removred

as ur from WITHIN DIMENSION once control

2 returns to the list box. When all of the
necessary levels have been selected, pre,,,,
SELECTION COMPLETE.

This process is continued until either the
SELECTION COMPLETE command button is pressed or all of the dimensions listed in the
WITHIN DIMENSION list box have been exhausted. The order in which the "within"
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dimensions are selected is not important but following the order of the Stratum Sizev Report
is helpful.

Once the "'within" dimensions and levels have been selected and SELECTION COMPLETE 5
has been pressed, pressing the command button COLLAPSE STRATA causes the collapsing
action to be carried out and the size of the newly created stratum to be computed. Strata that
are collapsed have a -1 in place of the stratum size in the New Stratum Sizes table. The
stratum number into which each stratum has been collapsed is provided in the COLLAPSE
STRATUM field of the "New Stratum Sizes" table. The collapsed strata are eliminated in the S
Stratum Sizes Report.

The form re-initializes and control returns to the COLLAPSE DIMENSION list box after the
collapsed stratum sizes have been computed. Note that at any point in this form prior to
pressing the COLLAPSE STRATA command button, the UNDO button may be pressed to
erase the current set of specifications and re-start the collapsing procedure at the COLLAPSE S
DIMENSION list box.

Another set of strata may be processed or the form closed by pressing the DONE command
button.

Checking the stratum sizes after collapsing is recommended to ensure that the intended
collapsing scheme was accurately implemented. If this procedure needs to be completed
from the beginning with an uncollapsed table, simply delete the "New Stratum Sizes" table.
Deleting this table altogether causes the procedure to re-start using the table "'Stratum Sizes"
which contains the original set of strata created by cross-classifying all of the dimensions.

If, instead of AGR/TAR used in the above example, the Race/Ethnicity dimension was to be
collapsed in all of the Services for female enlisted grades El through E4 in CONUS, then
select all WITHIN DIMENSIONs and appropriate LEVELs except Service.

The Race/Ethnicity dimension cannot be collapsed across all other dimensions within one
iteration of the procedure; at least one WITHIN DIMENSION and LEVEL must be specified.
If this is the desired result, two options exist. The first option is to invoke the Stratum Levels
Form and re-defined the Race/Ethnicity levels. Stratum sizes (Construct Strata Form) will
need to be computed again. The second option is to collapse the Race/Ethnicity dimension
across all levels of a particular dimension, say Males and Females within the dimension
Gender. 9

9
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I

Imposing Precision Requirements

The sample size and allocation are determined in general in response to precision require-
ments developed as an integral part of the statement of the objectives of the survey. The
precision requirements take the form of inequality variance constraints imposed on identified
key parameter estimates. The Tool is based on the premise that the parameters of interest are
defined in terms of population proportions. This premise negates the necessity of knowing
the values of the relevant population variances which would otherwise be required to
compute the sampling variances of the estimates. The (binomial) population variances are
coincidentally specified in specifying the values of the proportions.

Several steps are involved in specifying the precision requirements. Most usually the key
parameter estimates take the form of the proportion of one or more reporting domains that
possess some attribute of central interest to the survey. The implied steps involve: I

"* defining the domains of interest, and
"* specifying the proportion of domain members to be estimated.

Examples of possible reporting domains include:

* all women in the military,
* all women in the Navy,
* all female field grade officers in the Navy, and
* all female field grade officers in the Navy who are belong to a racial minority.

The proportions might be the relative numbers of domain members who have experienced
one or more incidents of unwanted gender-based attention during a specified time period.
The proportions are referred to as prevalence estimates on the forms comprising this section S
and in what follows.

Given the domain definitions and the prevalence estimates for each domain, the next step
involves specifying the maximum values of the sampling variances to be associated with the
corresponding sample estimates. In general, the variance specifications can take a variety of 9
forms depending on the preferences of the investigator. For example, rather than specifying
the variances per se, different investigators might choose to use relative standard errors,
confidence intervals, one- or two-tailed tolerance intervals, or, the size and power to be
associated with formal tests of hypotheses. This version of the Tool requires that the,
variance specifications take the form of the maximum confidence interval half-widths to be
associated with the prevalence estimates. S

The process of imposing precision requirements tends to be an iterative process. Usually the
originally imposed requirements turn out to yield total sample sizes that are in excess of
budget realities. As a consequence the investigator is required to delete some domains, re-
define others, modify the prevalence estimates, and change the variance constraints in a
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search for a configuration that will meet the objectives of the study and also the cost

constraints. The Tool has been developed to facilitate this type of development.

Reporting Domains Menu

file Edit Yiew Becords Window Help

.77

Define Precision Constraints

DDefine Pievetence Estimates
Construct Stiatum/Doman Counts
Report Domain Information

The second menu in the sampling tool is the Reporting Domains Menu. All steps associated "
with the development of reporting domains are completed from this menu. The CONTINUE
button will invoke any of the listed items. The EXIT MENU button is pressed to close the
menu and return control to the originating menu.

A discussion of the list item DEFINE DOMAINS is necessary at this point. If reporting 10
domains were not created in a previous session, then CONTINUE will result in the form
Define Domains being invoked. However, if at least one domain has already been created.
then a series of two-button message boxes appears for determining the following courses of
action.

' Re-defining all of the previously defined domains. 0

0 Re-defining some of the previously defined domains.
* Adding new domain definitions to the current list.

1

34
S

0 0 S 0 0 0 0 0



Press YES ito re-define sonme or all of thle
Ft c~ooeimVl current lN defined domiains.

Do y" * WhTo noebl" r" 00 ? Press NO to add ,ievk dlomains to the cur11rent

Press YES' to add nec~k
dlomains to thie current

lI st.
()DO YO*WtTO ANDNmA*$ To Th.Ikd?

Press NO to rellurn ito

4the ImenuL \kithout an\
Ly:"j a]changes.

ý MllllllPress YES to delete all currentil
,~ defined domains and start from the

00 Yt Vsh T Rtdu AL I ONOS? he-innin".

~, Press No to re-dlefine one or- more
LW of the Ctirrentlv defined dmain".

Press YES to confirm the intent to delete all
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Y' w=_ Press NO to return to the menu kkithout

mnaking any changes
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Define Domains Form

File Edit View B3ecords Window Help

rip

.1, Select am Dmineff

2- Pren SELECT VARIALE.

The form Define Do~nains is used to create reporting domains. Select the first domain
variable and press SELECT VARIABLE. As in other forms the values associated with the

4 selected variable are then listed in the VARIABLE VALUES list box.

Once a variable value is selected and SELECT VALUE pressed, the name appears in the
DOMAIN LABEL, list box and control returns to the value list. Selection continues until all
relevant values for the specified domain variable have been chosen (ex. EI-E4 for Pay
Grade ).

VALUES COMPLETE will return control to the DOMAIN VARIABLES list where the next
variable associated with the domain may be chosen. Values for subsequent variables, are
listed in VARIABLE VALUES and the process continues until the domain has been fully
defined.

Clicking the DOMAIN COMPLETE command button will initialize the form, increment
DOMAIN NUMBER by onea and pass control to DOMAIN VARIABLES. At this point
depending on the message box answers, the information is either appended to the list of
domains in the table "Domain Key" or added to an empty table for domain one.
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The UNDO command button will clear declared values and allow the domain to be re-
defined prior to saving the definition (DOMAIN COMPLETE). The form is closed and the
process ended by pressing DONE.

An example of a sampling domain definition is the following:

SERVICE = Navy
CONUS/OCONUS = OCONUS
RACE/ETHNICITY = non-Hispanic White
PAY GRADE = El, E2, E3, E4

37I

4+ .

4 t•

4. |l-iiii I ' i i a i+ . +

4-nl l n i f l i i ..



Re-Define Domains Form

File Edit Yiew aecords Window help

44 1

1. S -kwt one Doman VSanae.
2. Pies* SELECT VAFMALE.

The form Re-Define Domains is used to alter the definition of one or more domains,, created
previously. Type the relevant domain number into DOMAIN NUMBER and press SELECT
DOMAIN. If the domain number is located in the list of reporting domains, then it's label is
displayed in the OLD DOMAIN LABEL list box. The SELECT DOMAIN command button is

replaced with the SELECT VARIABLE command button.

I
*oft ww "w*I e

Select a domain variable with the mouse and press SELECT VARIABLE. The levels
associated with this variable are listed in the VARIABLE LEVELS list box. Once a variable
level is selected and SELECT LEVEL pressed, the label appears in the NEW DOMAIN
LABEL list box and control returns to the level list.
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Selection continues until all relevant values have been chosen (ex. EI-E4 for Pay Grade).
LEVEL COMPLETE will return control to the DOMAIN VARIABLES list where the next
variable associated with the domain may be chosen. Values for subsequent variables are
listed in VARIABLE LEVELS and the process continues until the domain has been fully re-
defined. Clicking the DOMAIN COMPLETE command button will eliminate the old domain
definition from the table "Domain Key" and replace it with the updated version. The form
will initialize and control is passed to DOMAIN NUMBER. The form is returned to the
original state after the command button SELECT VARIABLE is replaced with SELECT
DOMAIN.

If the domain number is not found in the list of previously defined domains, then the number
is either greater than the maximum defined domain number or has been deleted from the list

If the number is greater than the
maximum number in the list, then a
two-button message box appears to
determine if a new domain is to be

. created. If YES, then DOMAIN
NUMBER initializes to the maximum
domain number plus one and the OLD

DOMAIN LABEL list box will contain "none" for the level. Declaration of this domain
proceeds as described above. If NO, then the form resets and another domain number may be
entered.

If the domain number is less than the maximum number in the list, then a message box
appears indicating that the domain could not be found. The form will once again initialize.
The UNDO command button will clear the current declared levels and allow the domain to
be re-defined prior to saving the definition (DOMAIN COMPLETE). The form is closed and
the process ended by pressing DONE.

39

I i 0l l .... J 0 0 m.~m~~ i I0 ..... 0



Delete Domains Form

p.a
Elile Edit View Records )Tendow Hlelp

1 Eimes Domain Nuill O( Range To Be Dleited,
' alp. 21-3&.2. Poets SELECT DOMAINISI.

1 -
E,,O,.• O,,rTb~• I F-- fl- F f .... ui

Another formi used to mlodify the sampling domain list is the Delete Domains Em. Here.
specified domain numbers are deleted from the table "'Domain Key." Type the domain
number or a single range of numbers into the DOMAIN NUMBER(S) text box and press
SELECT DOMA IN.

If a single number is entered, the label is displayed in the
DOMAIN IABEL(S) list box.

II

FlI"002 Pjs" r0-5

Vdalues for the PRECISION CONSTRAINT and the PREVALENCE
ESTIMATE are also displayed provided they have been defined.
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If a range of domain numbers is entered into DOMAIN NUMBER(S), then the first and last
domain label is listed in DOMAIN LABEL(S).

4S

J9 El toE3

~A J1404to 06
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The PRECISION CONSTRAINT and PREVALENCE ESTIMATE are displayed for the first
domain on the list.

Pressing DELETE DOMAIN will eliminate the domain or group of domains from the table.
Control returns to DOMAIN NUMBER(S) for input of the next set of domain numbers to be
processed. If none remain to he processed, press DONE. The DONE command button re-
numbers the remaining domains in the table and closes the form.

S
The UNDO command button will clear the current domain information from memory prior to
pressing DELETE DOMAIN.

Remember that the domains have been re-numbered when examining future versions of the
reports containing the domain information. The domain labels provided in the Tool reports
aid in making the correct identification. 6

I
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Define Precision Constraints Form 6
File Edit Yiew Becords Window Help

Coeabauit us to be .mee; eiiampi. 21-35. CI
2. Press SELECT DOMAIN.

4 1- . : : : . J

b.P1 Ir

Precision constraints to be imposed on the reporting domains are entered using the Dte/in,
Precivion constlratI . Form. Type a domain number or a single range of numhers into the
DOMAIN NUMBER(S) list box and press SELECT DOMAIN. The label or label associated"•I rarNI I m5 i
with the first and last domain number are displayed in the DOMAIN LABEL(S) list box.

-i -h II Ma,

*15 Army
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I

Simultaneously the instruction box changes to provide the instructions for the next step.

|o•sbint is to be e,,.nI:W onapl. 21-35.12. Piu SELECTDOAN

S2.~~~ IPym4m ENTER NiEW CONSTRAINT. :;.J

If the upper limit of the range is greater than the maximum domain number, then the process
proceeds normally with the proper upper limit. If a constraint was defined previously for at
least one of the domain numbers entered, then the form changes to additionally show the
value of the previous constraint.

I I

ENTER NEW CONSTRAINT is pressed after the new precision constraint is typed into the
text box. This value should be greater than zero or equal to and less than or equal to one: a
single-button message box appears if this criterion is not met.

If the old precision information exists and this information is to be eliminated, enter zero for
the NEW PRECISION CONSTRAINT.

A two-button message box will appear to
7- verify that the old constraint should be

deleted. If NO, the form resets and
allows a new set of domain numbers to be
entered into DOMAIN NUMBER(S).

Either DOMAIN COMPLETE is pressed to save the constraint information to the table
"Domain Key" or UNDO is pressed to restart the process.

DONE will close the form and return control to the calling menu.
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Define Prevalence Estimates Form
I

File fdit Yiew Records Window tielp

1. Ente, Doimn Nu~mber oi Range of Niambot
(ex. 23-29).

2. Pion SELECT DOMAIN.

I

* 0
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Prevalence estimates for the reporting domains are entered using the I)efin, Prevalence
Estimates Form in the same way precision constraints are declared. Either a domain number
or a single range of numbers is typed into DOMAIN NUMBER(S). Pressing SELE'CT
DOMAIN will cause the corresponding labels for the first and last domain number to be
listed in the DOMAIN LABEL(S) list box.

If at least one prevalence estimate was defined previously for the domains, then this value
will appear next to NEW PREVALENCE in the OLD PREVALENCE text box. The form at I
this point appears in much the same format as the Define Precision Constraints Form (p".
37-38).

The updated estimate is entered into the NEW PREVALENCE text box and ENTER NEW
PREVALENCE is clicked with the mouse. This value should be greater than or equal to zero
and less than or equal to one. a single-button message box appears if this criterion is not met.

If an old prevalence estimate exists and this information is to be eliminated, enter zero for the
NEW PREVALENCE. A two-button message box will appear to verify that the old data
should be deleted and not simply re-defined. UNDO will clear the current information from
memory and allow new prevalence estimates to be defined. S
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DOMAIN COMPLETE saves the information to the "'Domain Key" table and resets the form
for the next set of domains.

DONE closes the form and returns control to the Reporting Donains Menu.

For an example, previous studies have estimated that 55% of females in the armed forces
have reported experiencing at least one occurrence of some specified event. Domains 23-28
all possess Gender=Female in their definitions. Thus 0.55 is entered in NEW PREVALENCE
for DOMAIN NUMBER(S) 23-28.
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Stratum/Domain Counts Form

File Edit Piew Becords Window Help

JAW
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The *Strjtitin/Domain Counts Forml is used to compu~te domain s'zesý sýithinl ,trata and
marginal domain sizes on the frame data file or files. A discussion of the total time needed •
to compute th. stratum/domain sizes is thought to be necessary before explaining the form.

Once processing has started the system will be in use for an extended period of time. Total
processing time differs with several factors: type of system, the size and the number of
source data files, the number of strata, the number of domains, and number of
stratum/domain counts to be computed. Approximately, 4 hours were used to process,
stratum/domain counts for a single source data file with n=8.824 records. n=389 strata, and
n=2(X) domains on a 486 computer operating at 33 MHz. This time was approximately
doubled on a 386 computer operating at the same speed, and somewhat less than halved on a
Pentium processor operating at 90 MHz. Therefore, it is best to run the process when the
system is not needed for another task.

One method used to trim the processing time is to only compute those counts for domain,,
which are newly created or re-defined. Thus if 150 domains counts were calculated in the
first sampling tool session and 20 domains were added to the list in a subsequent session,
only 389 x 20 (=7,780) stratum/domains counts would be computed instead of 389 x 170
(=66.130) domains. The procedure will assist in but will not alleviate the processing time S
problem. This should be kept in mind prior to invocation of the form.
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When the form is first invoked, the sampling tool scans through the current stratum size table
to determine if any strata have a size of one.

If at least one is found, then a single-
button message box will appear to

4 Lindicate the problem. Pressing OK will
return control to the Reporting
Donains Menu. Exam'ine the S'tanIn
Sizes Report to determine the strata that
need to be collapsed and then invoke
the ('/olapse Strata Form.

After examining the stratum sizes, the sampling tool determines if a table of stratum h\
domain counts was created previouslx.

If so, a two-button message box® appears to determine whether or not
s this table should be deleted and re-

created.

An option other than deleting the old information would be to select NO, exit the sampling
tool to the table definitions list, and copy the table "Stratum/Domain Counts" to a new name.
Therefore, only a second version of the table is deleted. Motivation for saving the earlier
version of the table is the computer time needed to re-create it.

Once the form is activated, the total number of strata constructed in the Strwifitation
Variables and the Stratum Levels forms is listed in the TOTAL STRATUM RECORDS text
box. The number of records appearing in the "Domain Key" table is displayed in the TOTAL
DOMAIN RECORDS text box. The data sets listed for the RELEVANT SOURCE DATA
FILES are all of the files processed in the form Construct Strata in the calculation of the
sampling strata counts. These pieces of information are useful in estimating the time needed
to accomplish the step. The text box POPULATION SIZE is the total frame count.

When the form is invoked, press PROCESS COUNTS, this will start the procedures for
calculating the relevant counts. Note, this form does not contain an UNDO command button.
A blue meter appears in the lower left corner to show the percent of records Out of the total
that have been processed. The CURRENT STRATUM RECORD and the CURRENT
DOMAIN RECORD are incremented while each file is being processed. When all of the
operations have been completed, the system will beep and control goes to the I)ONE
command button. If records have been processed, DONE will save the information to the
table "Stratum/Domain Counts," close the form and return control to the Reporting Dotnaien.
Menu. If this command button is pressed prior to processing (PROCESS COUNTS), a two-
button message box will appear to determine if the user wishes to close or reset the form.
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Domain Data Report

file Edit View Format Window Hfelp
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Once at least one sampling domain has been defined, the Domain Data Report may be
invoked. The reporting domains are identified by DOMAIN NUMBER and DOMAIN
LABEL. If the domain counts or sizes have been computed (Stratum/Domain Counts Form),
then those values are provided in the DOMAIN SIZE column. Otherwise, the column
remains blank. POPULATION PERCENTAGEs (reporting domain size / total population
size) are calculated only if the domain counts exist.

4I PRECISION CONSTRAINTS and PREVALENCE ESTIMATES are listed for each domain.
Note that prevalence estimates are missing for domains 3-10 since these values have not been
defined. The left-most button on the formatting toolbar will close the report and return
control to the calling menu. Alternately clicking the printer icon in the Access toolbar prints
the report.

4
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Building The Cost Model
A cost model, in general, describes the total cost of a survey in terms of two components,
fixed costs and variable costs. Fixed costs are those that are unaffected by the size of the
sample used in the survey. Examples of fixed costs might include progress and financial
reporting. Conversely, variable costs are those that do depend on the sample size selected,
such as data collection activities. Fixed costs do not enter into the sample allocation
calculations. Hence, unless another reason exists for including fixed costs, the cost modeling
exercise can be restricted to the variable cost component.

A cost model is developed by first compiling an exhaustive list of all of the activities to be
undertaken to carry out the survey. Then cost estimates are developed for each item on the
list, perhaps drawing on recent experience with more or less similar surveys. The items
comprising the list can, for convenience in developing the list and ensuring that it is
exhaustive, be classified into groups of related activities. Thus the variable cost of any
survey can potentially involve activities associated with;

"* constructing the sampling frame,
"* selecting the sample,
"* developing the survey instruments,
"* collecting the data,
"* editing the data,
"* processing the data,
"* analyzing and reporting the data.

0

Some arbitrariness exists, of course, in associating a given activity with one of these groups.
Some investigators might classify the costs of reproducing the survey instruments, for
example, as a data collection cost rather than an instrument development cost. Others might
prefer the reverse. Further, some activities might include both fixed and variable costs,
necessitating some apportioning of the activity into the two groups.

The cost model capability of this version of the Tool is restricted to mail data collection
procedures applicable to a stratified random sampling design. Given this restriction, costs
associated with frame construction, sample selection, developing survey instruments, and
analyzing the data are reasonably considered to be fixed costs, not dependent on the size of
the sample selected. Accordingly the default groups of variable cost activities assumed by
this version of the Tool consist of collecting, editing, and processing the data. These defaults
are easily changed should they be inappropriate.

The objective of the modeling exercise becomes one of quantitating the per observation
average stratum-level costs and supplying this information to the Tool. In this context an
observation is defined as a sample person for whom the information needed to compute a
parameter estimate has been obtained. In context, an observation is obtained if a sample
person returns a usable questionnaire. However, eligibility issues may also be involved in a
given survey. An ineligible person by definition is a sample person who is not a member of
the population of inferential interest. A sample person who is known to be ineligible
contributes an observation and the costs of determining eligibility status, perhaps incurred in
an initial screening survey, are included in the per observation stratum-level averages.
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Data collection costs for a mail survey are commonly computed using the per unit cost of a
mailing rather than a per observation cost. Input to the Tool therefore is of two types, the per
observation costs of such activities as data processing and editing, and the per package cost
of each mailing. One mailing is distinguished from another if the experienced response
patterns are used to determine the number of packages mailed on different occasions. For
example, a lead letter followed b) a questionnaire followed by a thank-you-reminder
postcard sent on different occasion, to the same set of persons counts as one mailing.
Conversely an additional questionnzmre sent only to persons tabulated as non-respondents at
some point in the data collection period counts as an additional mailing. The difference is
that subsequent mailings are made only to non-respondents to a previous mailing.

The Tool computes per observation data collection costs given per unit mailing costs for an
arbitrary number of mailings. That is, after entering the number of mailings and the expected
response rates to each mailing, the user is queried for the per unit cost of each mailing and
the Tool computes the required per observation cost.
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Cost Model Menu

Eile Edit Tiew Records Window Kelp

' Ii
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, Debine Cost Coefficient~s

* ODefine Esatimed Response Rates
Report Response Rates

SI

The cost model procedures are accessed from the Cost Model Menu illustrated above. As
with other menus, a form or report is invoked by clicking the corresponding menu item and
pressing CONTINUE. "

Note that this menu contains items involving both cost coefficients and response rates. Both
types of information are needed to develop the cost model.

The EXIT MENU command button is pressed to close the menu and return control to the
Sampling Tool Menu.
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Cost Model Form

Eile Edit Ylew Becords Window Help
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The cost components to be included in the cost model are defined in the Cost Model borm.

When the form opens, the default components for a mail survey cost model are indicated 
5

under the INCLUDE column on the form. The defaults may be accepted or modified by

clicking the appropriate box under either the INCLUDE or EXCLUDE column.

The components included should encompass the variable or non-fixed cost portion of the

survey. That is, the cost coefficients defined in a subsequent form (Cost Coefficients korni)

should depend entirely on the number of units being handled within that activity. Thus the 5

coefficient associated with the DATA EDITING activity, for example, should be provided on

a per completed questionnaire basis.

The per unit DATA COLLECTION costs are computed by the Tool using the user-supplied

cost of each mailing. The number of mailings is entered in the NUMBER OF MAILINGS

text box on this form. A single-button message box will appear indicating that this value is

required if the DONE command button is pressed prematurely.

DONE causes the ACTIVITY LIST information to be saved to the table "Model Items" and

closes the form. The activities to be included in the cost model may be changed at any time

prior to pressing DONE. 

•
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Cost Coefficients Form

File Edit View Records Window Help
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The stratum-specific coefticients of the cost model c:omponents defined in the (C'.t.lModeI
Form are entered using the Co.st Coe.ffjicients• form. Before the form is opened the Tool fir,,t
determines if the 'Cost Data" table exists. If the table does not yet exist, then the form
appears as shown above.

lHowever, if any cost intornation a,,
e sspecified previously, the form doe l not

d esif th e l -Co open immediately. A two-butit, message

box appears inquiring if the existing cost
darededatadare to (No.be updated YES) or c(umpletely

" ToolA second two-button bo\
will appe~r if the data are

T ... Ythat the "'Cost Data"

... table may be deleted.
j NO exits the form with

no further action.
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Regardless of the circumstances, the form opens with the STRATUM NUMBERtS) text box
highlighted. Enter a stratum number or a single range of stratum numbers as appropriate and
press the SELECT STRATA command button. 0

If a single stratum number has been selected the Tool responds by listing the label for the
stratum in the STRATUM LABEL list box.

If a range of numbers has been selected, the labels for the first and last stratum in the range
are shown.

Control is passed to the PER UNIT text box corresponding to the first listed activity included
in the cost model. Cost items identified as excluded from the cost model appear greyed out
on the form and cannot be activated. The cost coefficients may be entered as either a
number or as currency using a dollar sign. The values typed in the text box are "+entered"
either using the enter (return) key on the keyboard or by clicking another of the cost items t
included in the model.
•+ ..... " •i! When the PER +V/T COST OF DATA
• •• "•• • il COLLECTION text box is first activated its

label changes to PER PACKAGE COST
S• "••:+++ •:; .... • MAILING I. Enter the mailing I cost and

i::+•" .............. •" press enter on the keyboard. The label changes

to MAILING 2, and so on, through the number::,•• of mailings entered on the Cost Model form.""•"•""'•='• When cost coefficients have been entered for

all of the mailings, the label reverts to PER I
+• • • UNIT COST OF DA TA COLLECTION and the

!i/ l /l ll]lll•[• I text box displays the per unit cost computed

using the per package mailing costs.

The above sequence occurs, however, only if the response rate information required to
!l compute the PER UNIT COST coefficient has been previously entered (see Response Rates •

Form, pgs. 53-55). This would normally be the case if the cost coefficients are being
updated but would not necessarily be the case if the coefficients are being entered for the
first time. In the response rate information is missing, then the last per-mailing cost value
and label remain. Control passes to the next component in the cost model.

tl When all of the relevant per unit cost coefficients have been entered, pressing the STRATA

COMPLETE command button saves the information and resets the control to the STRATUM
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NUMBER(S) text box, anticipating further modifications. UNDO clears all entries in the
form and returns control to the STRATUM NUMBER text box. Pressing DONE closes the
form and returns control to the calling menu.

5
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Cost Coefficients Report
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The per unit (observation) average stratum costs are summarized in the Cost Coefficients
Report. The components "included" in the cost model using the Cost Model Form are listed
in the COST COEFFICIENT column. Note, the STRATUM AVERAGE value can only be
defined after all cost coefficient and response rate information has been entered into the
"Cost Data" table.

Coefficients for the cost model components are listed on the report under the COEFFICIENT
I VALUE column. The STRATUM SIZE and the STRATUM LABEL are listed to aid in making 5

comparisons across several reports.

The left-most button on the formatting toolbar closes the report and returns
control to the calling menu.

The next button on the toolbar prints the report.
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Response Rates Form

File Ldit Yiew Records Window Help

S1. Ente Ovemall med Pat Ua&lW Expectdl Respons Rate&
2. peil Te titaT o Wh~ich The Rlates Apl.•z3•[S

The Response Rates Form is used to define the average stratum-level response rates and the
response rate to each mailing. The form opens with the EXPECTED STRATUM-LEVEL
RESPONSE RATE text box highlighted. Key the response rate expected to be obtained over
all of the mailings and press the ENTER RATE command button.

•, . ....... {lml'IHThe values keyed must be in decimal
• form within the range of 0 to 1. If the

An ." T " O q a iO single-button message box will invoke.
i~i, • ,i•: ,,,•. •, ii~j,, •.... ,•Clickth v leOK to return to the form to edit

After the overall response rate has been entered, control passes to the RESPONSE RATE
MAILING I text box. Key the proportion of the stratum-level response rate that is expected
to be obtained on the first mailing and click the ENTER RATE command button.
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r--7• " If the survey involves more than
one mailing, the text box label is
updated to receive the response
rate for the next mailing.

Note that because the response rate keyed for each mailing is the proportion of the stratum-
level response rate, the sum of the rates over all mailings must equal one.

If the mailing rates do not
sum to one, a single-button
message box appears. Click

4 ! OK to return to the form. Re-
key the rates starting with
mailing 1. The partition is
automatic if the stud)y has
only one mailing.

When the proportion for the last mailing is entered, the text box label shows the number of
mailings and the rates themselves are listed in the text box separated by commas.

Control is then passed to the STRATUM NUMBER(S) text box. Enter the stratum number or
a single range of stratum numbers to which the response rates just entered are to be applied.
Provided the stratum information is found in a table, labels for the first and last stratum are
listed in the RATES APPLY TO list box. STRATA COMPLETE will save the stratum-level
information and reset the form This process continues until the DONE command button is
clicked. DONE closes the form once all of the information has been saved.

The UNDO command button will erase the data from the screen and initialize the form only
if it is pressed before the STRATA COMPLETE button.

Suppose by way of example that the response rates for strata 1-10 are expected to be 47%
and two mailings will be sent to the sampled individuals. An estimated 70%/ of the
completed questionnaires will be received from the first mailing.

4 _ _ _ _ _ _ _ _ _0 _47
47Type 0.47 into the EXPECTED

STRATUM-LEVEL RESPONSE

07 ."RATE text box and press ENTER
RATE. Then type 0.70 and 0.30 in
turn into the RESPONSE RATE

So .... MAILING I and MAILING 2 text"• boxes, pressing ENTER RATE

.after each entry.
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Control is passed to STRATUM NUMBER(S). The string "I -10" is entered for the stratum
range and SELECT STRATA is clicked. The stratum labels for stratum I and stratum 10 are

displayed.

1 m'OU'l to E •'on-H•npaoc Wl"•e

1 myCONU4E4NaliveAmencan+O hm

Press the STRATA COMPLETE command button to save the information, reset the form and

pass control back to the EXPECTED STRATUM-LEVEL RESPONSE RATE text box to
process another set of strata. S

4
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The response rates by stratum are summarized in the Response Rates Report. The values for
the RESPONSE RATEs are provided for each MAILING within STRATUM NUMBER. The
STRATUM AVERAGE is the sum of the per-mailing response rates.

Recall that the response rates are used to compute the stratum-level cost coefficient (see Cost
Coefficients Report pg. 52). Once the STRATUM AVERAGE response rate has been
calculated, then the STRATUM A VERAGE cost coefficient on the Cost Coefficients Report is
calculated. The STRATUM LABEL has been provided for ease in comparison across several
reports.

The left-most button on the formatting toolbar closes the report and returns control to the

calling menu. The next button on the toolbar prints the report.
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Computing The Sample Allocation
Using the information supplied to this point the Tool computes the least cost allocation of the
sample that will simultaneously satisfy the imposed precision requirements. A di:,tinction is
made between the number of observation., -equired to satisfy the preci,;ion requirements and
the sample size needed to provide the required number of observations. The Tool first
computes the number of observations needed in each stratum and then inflates these using
the stratum-level response rate information to obtain the required stratum-level sample sizes.
Both values are reporte 1.

An iterative numerical algorithm is used to obtain the allocation solutions. A general
discussion of this iterative method is given in a paper by Dr. James R. Chromy (1987). An
applied discussion using specific examples from the SAFS is given in a paper by Dr. Robert
E. Mason and others (1995). The user is required to input the decision to be used to
terminate the allocation procedure. The termination decision can be stated in one of two
ways. One way is to simply specify the maximum number of iterations the procedure is to
use. A second way is based on the Karusii-Kuhn-Tucker necessary conditior-, for a solution
to be obtained to a set of constrained non-linear equations. The Tool computes a numeric
quantity, referred to as the convergence criterion, that approaches zero over an indefinite
number of iterations. Rather than specifying the number of iterations, the user may
alternately specify how closely the convergence criterion must approach zero before the pro-
cedure is terminated.

As well as reporting the finally determined sample allocation solutions, the Tool provides
summary information that is useful in modifying the precision constraints. A common
experience in designing a sample is to find that the initial precision constraints need to be
modified to bring the total sample size in line with budget realities. Less commonly the
initial constraints may require some tightening. The Domain Results Report lists two quan-
tities that are useful in this regard.

First, in setting up the numerical algorithm the Tool computes generalized Lagrange
multipliers that will satisfy each of the precision constraints individually (rather than jointly).
A comparison of these initial values with the final Lagrange multiplier values identifies those
constraints that are the most important in determining the allocation solutions, and by
implication, the variable survey cost. The Tool identifies the ten most important constraints
on a scale of I to 100. Even a small relaxation of one or more of the identified constraints
can produce a sizable reduction in cost.

Second, t'he Tool computes the total design effect for each of the reporting domain estimates.
The design effect is simply the ratio of the sampling variance given the actual sampling
design divided by the variance that would be obtained using a simple random sample with
the same number of observations.

Reporting domains with the largest design effects will be those that include subdomains, that
have been oversampled. For example, if female company grade officers are oversampled
relative to other domains, then any more inclusive domain that contains females or company
grade officers will have a relatively large design effect. Excessively large design effects
might lead an investigator to modify the stratification scheme, modify the domain
definitions, or relax the precision constraints for some of the subdomains.

0 0 0 00 0 01
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Sample Allocation Menu
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.. Repior Sample Allocation

The final task within the Sampling Tool is the calculation of the sample allocation. This
procedure is completed in the Calculate Sample Allocation Form called by the Sample
Allocation Menu. The form and two reports are invoked by clicking a line item with a mouse
and pressing CONTINUE.

The EXIT MENU command button is pressed to close the menu and return control to the
originating menu, the Sampling Tool Menu.
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Calculate Sample Allocation Form

Eile Edit Aiew Becords Window Help
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Sample allocations are calculated using the Calculate Sample Allocation Form. An iterative
numerical procedure is used to calculate the allocation solutions. The procedure is
terminated by specifying a value in either the CONVERGENCE CRITERION text box or the
MAXIMUM NUMBER OF ITERATIONS text box.

tc I MThe form opens with a default CONVERGENCE
0*8M l.CRITERION of 0.(HX)I. More accurate allocation

S. .solutions are obtained if a value closer to zero is

a........... 3o entered. Alternately the default number of iterations
Of ? :.0 .... can be increased to improve the accuracy of the

solutions.

The default values will usually provide three digit accuracy in the results. To accept the
default CONVERGENCE CRITERION press the ENTER CONVERGENCE command button.
To accept the default MAXIMUM NUMBER OF ITERATIONS click the text box and then the
ENTER ITERATIONS command button.

To enter new values in either text box, click the box, enter the new value and then press the
appropriate command button. Pressing UNDO will initialize the form with the defaultvalues.
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0 Press CALCULATE SAMPLE SIZES once either a CONVERGENCE CRITERION or a
MAXIMUM NUMBER OF ITERATIONS has been specified.

9 94q.0-2 As the process iterates, the CALCULATED
CONVERGENCE CRITERION and NUMBER OF

. ITERATIONS COMPLETED text boxes are updated.

The steps in the numerical algorithm are described in the status• line with a meter that shows the relative progress of each step.

4 F -.. ..

Relevant information is saved to the tables "Domain Information" and "Sample Allocation."

Control passes to the command button DONE upon completion of the procedure. DONE
closes the form and returns control to the Sample Allocation Menu.
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The first report to display values calculated from Calculate Sample Allocation Form is the
Domain Results Report. Domain information is listed by DOMAIN NUMBER and the
domain label, DESCRIPTION.

The domain estimate is shown in the PARAMETER VALUE column. The value is computed
by applying the user-supplied prevalence to the actual domain sizes in each stratum and then
re-computing the domain level prevalence based on the actual size of the domain. Hence the
values shown in the table may not agree exactly with prevalences specified using the Define
Prevalence Estimates form.

The LAGRANGE RATIOs are used to identify those precision constraints which have the
greatest effect in determining the survey costs. Values are shown on a scale from I to I(X)
for the top ten most important precision constraints. A value of I(X) implies that no reduction
in the number of observations needed to satisfy the requirement has accrued from the joint
action of the other imposed constraints.

Recall that this version of the Tool requires that the precision constraints take the form of

confidence interval half-widths. Once the sample allocation solutions have been obtained.
the confidence interval half-widths can be computed using the allocated number of ob',erva-
tions. Because the actual variance constraints imposed are inequality constraints, t(-e half-
widths given the allocation solutions are less than or equal to those originally specified.
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Often they are less than the original specification. A comparison of the EXPECTED
PRECISION values on this form with the PRECISION CONSTRAINT values from the
Domain Data Report will identify those domain estimates expected to have a higher level of
precision than that specified for the design.

Design effects are shown for each of the domain estimates. The design effect measures the
efficiency of the sampling design relative to a simple random sample having the same
number of observations. Values less than one indicate the design is more efficient than
simple random sampling and values greater than one indicate a less efficient design.
Efficiency in a design effect context compares the variances obtained for a given number of
observations and excludes any consideration of cost.

Because even minor changes in the sampling domain specifications can alter the allocation
solution, printing the report for possible comparison with future modifications is
recommended. S

The left-most button on the formatting toolbar closes the
report and returns control to the calling menu.

The next button prints the report.

I SI
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The final report within the sampling tool is the Sample Allocation Report. The report lists
the allocation solutions obtained by STRATUM NUMBER. Strata are identified in the
DESCRIPTION column of the report which lists the dimensions of stratification and the
levels within each dimension used in defining the stratum.

For each stratum the report shows the STRATUM SIZE, the allocation solutions obtained
(SAMPLE ALLOCATION) and the SAMPLE SIZE. The SAMPLE ALLOCATION' is the

number of stratum-level observations needed to jointly satisfy the set of imposed precision
constraints. The SAMPLE SIZE is the size of the stratum-level sample to be selected in order
to obtain the required number of observations given the expected response rate information

for the stratum The total SAMPLE ALLOCATION and SAMPLE SIZE values are provided
on the las, , , o ' the last page.

Again. be•,,,, cven minor changes in the study specifications can alter the allocation
\I1lution. printing the report for possible comparisons with future results following design
modifications is recommended.
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Appendix A: Table Definitions

This appendix provides the variable name and corresponding description of the key design
parameters for the tables created by the sampling tool.

COST DATA:
Stratum Number sequential identification number per stratum S
Average Cost cost model value
Coefficient I cost coefficient for cost model component #1

Coefficient C * cost coefficient for cost model component #C; C = number of cost
components "included" in cost model

Average Response average response rate (sum of response rates I-R)
Rate proportion of response rate obtained on mailing #1
Response Rate I

proportion of response rate obtained on mailing #R;
Response Rate R * R = number of mailings

DOMAIN INFORMATION:
Domain Number sequential identification number per sampling domain
Domain Size relative domain size
Initial Lambda initial value for Lagrange multiplier
Final Lambda final value for Lagrange multiplier
Design Effect design effect

DOMAIN KEY:
Domain Number sequential identification number
Variable Number maximum number of value codes per domain

Domain Variable I first variable used to create domain
Variable Value I first variable value code

Domain Variable D D-th variable used to create domain; D = number of domains
Variable Value D D-th variable value code; D = number of domains 0

Domain Label domain label
Precision Constraint precision constraint per domain
Prevalence prevalence estimate per domain
Domain Size domain size calculated from frame (source data)
New Domain flag to indicate newly created or newly re-defined sampling domains 0

LOOK-UP TABLE:
Stratum Number sequential identification number per stratum
Stratum Size stratum size calcuated from frame (source data)
Sample Size estimated sample size (Integer Solution * Average Response Rate) 0
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LOOK-UP TABLE: (continued) 4
Variable I label for dimension #1
Level Code I level code for dimension #1

Variable S label for dimension #S; S = number of dimensions
Level Code S level code for dimension #S

MODEL ITEMS:
Number of Mailings number of mailings sent to study subjects
Frame Construction indicator for inclusion of frame construction component in cost
Sample Selection model
Instrumentation indicator for inclusion of sample selection component in cost model
Data Collection indicator for inclusion of instrumentation component in cost model
Data Editing indicator for inclusion of data collection component in cost model 5
Data Processing indicator for inclusion of data editing component in cost model
Analysis indicator for inclusion of data processing component in cost model

indicator for inclusion of analysis component in cost model

NEW STRATUM KEY: (updated version of STRATUM KEY)
Dimension sequential identification number (I-number of dimensions)
Level level of stratification
Stratification Variable name of stratification variable
Code variable value code
Label label for variable value code D

NEW STRATUM SIZES: (collapsed version of STRATUM SIZES)
Stratum Number sequential identification number per stratum
Stratum Size stratum size calculated from frame (source data) p
Dim I dimension #1 and level code identification

Dim S dimension #S and level code identification; S = number of
DimlLabel dimensions

label for dimension #1
DimSLabel :
Collapse Stratum label for dimension #S; S = number of dimensions

number of stratum that current stratum has been collapsed into

SAMPLE ALLOCATION: 0
Stratum Number sequential identification number per stratum
Stratum Size stratum size calculated from frame (source data)
Allocation Solution solution to allocation
Integer Solution integer portion of Allocation Solution
Sample Size estimated sample size (Integer Solution * Average Response Rate)
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II
STRATUM KEY:

Dimension sequential identification number (I-number of dimensions)
Level level of stratification
Stratification Variable name of stratification variable
Code variable value code
Label label for variable value code

STRATUM SIZES:
Stratum Number sequential identification number per stratum
Stratum Size stratum size calculated from frame (source data)
Dim I dimension #1 and level code identification

DimS * dimension #S and level code identification; S = number of
Dim iLabel dimensions

label for dimension #1
DimSLabel*

label for dimension #S; S = number of dimensions

STRATUMDOMAIN SIZES:
Stratum Number sequential identification number
Domain I size of domain #1 within stratum
Domain 2 size of domain #2 within stratum

Domain D * size of domain #D within stratum; D = number of domains
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Appendix B: Processing Steps

Tool Menu Normal Sequence Update Table
Information

I f r ai nimport FSouc Data .. Surce Data File~

Table(s) List Of ... Codes I
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Report Strata

Define Sampling D~efine Domains Dmi e
Domains Re-Define Domains

~Define Prevalec~ts n e

[ De~ffine Precision 
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II Construct I Sizes
Stratum/Domain Counts a Ke
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Tool Menu Normal Sequence Update Table Information

~me~amphnr Combine Domains n ek• , ~~~~Domains (cont.)CobnDmas

* I ~anKey I
Delete Domains

Report Domain
Information Moe Itm

L ne Costl e Develop Cost Model E •°ZI1ZIm•

Ei.Cos t Data
Define Cost Coefficients

Cos Data
Define Response Rates Z ~ z

5 Report Cost Coefficients

Report Response Rates

Si

Sample l Calculate Sample Sample Allocation]
Allocation Allocation IDomain Information

EI

Report Domain Results
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* 4 Aon Report Sample Allocation
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Appendix C: Technical Documentation

Mason, R. E., Wheeless, S. C., George, B. J., Dever, J. A., Riemer, R. A. & Elig, T.W. (1995).
Sample allocation for the status of the armed forces surveys. In Proceedings of the Section
on Survey Research, Volume I (pp. 769 - 774). Alexandria, VA: American Statistical
Association.
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* SAMPLE ALLOCATION FOR THE STATUS OF THE ARMED FORCES SURVEYS

R. E. Mason, S. C. Wheeless, B. J. George, and J. A. Dever, Research Triangle Institute
R.A. Riemer and T. W. Elig, Defense Manpower Data Center

R. E. Mason, Research Triangle Institute, 3040 Cornwallis Road. Research Triangle Park. NC 277(9

Key Words: Optimization, Sample Allocation simultaneously subject to the variance constraints to
yield that allocation of the total sample that jointl,

I. Introduction satisfies the imposed variance constraints tor the least
cost.

This method for determining a sample allocation
The 1995 Status of the Armed Forces Surveys was first developed by J. R. Chromy tor use in a

USAFS) deal with gendera racial, and ethnic issues in the medical provider record check survey conducted by the
United States military establishment. A total of four Research Triangle Institute in the late 1970s (Folsom et
surveys are involved. The examples used in this paper al. (1979)). The procedure is described in Chromy
are drawn from one of the four surveys, known as the (1987).
Form B survey, which deals with gender issues. The variance equations, of course, require

Each survey includes members of the four Armed knowledge of the relevant population variances. In
Services, the Coast Guard. National Guard, and practice the population variances are likely to be
Reserves worldwide. Data collection is by mail. unknown, at least in advance of the survey, which is the
Sample individuals initially receive an introductory case for these surveys. We have. as a consequence.
letter that explains the survey and solicits cooperation. defined the parameters of interest to be population
The letter is followed by a package containing the proportions such that the (binomial) population
questionnaire and instructions for completing and variances are coincidentally specified with specifica-
returning the information. The package is followed by a tions for the values of the proportions. That is. the
second letter thanking the individual for having returned parameters of interest for determining the sample
the questionnaire or otherwise asking for its return, allocation are the relative sizes of specitied key
After a specified time has elapsed a second package domains. The convention introduces some generality

containing the questionnaire and instructions is mailed do vins a useful introdue so m generality
qý and provides a usetul surrogate for other parameter,.

to nonrespondents. Certainly parameters describing other domain
An unusual feature of these surveys is the large characteristics are unlikely to be reliably estimated it

amount of information that is available for design the domain sizes themselves cannot be. This choice of
purposes about the individuals that comprise the parameters is not restrictive if the requisite population
population. Not only are the demographics of variances are known
individuals known in some detail, but so also are their
occupational specialties, their work locations and
settings, and their positions within the total organiza- 2. Sampling Design
tional structure. This wealth of concomitant informa-
tion is used to control the distribution of the sample for A stratified random sampling design is used for
the purpose of providing predetermined levels of the SAFS. Sample individuals are selected with equal
precision for estimatcs of parameters that describe key conditional probabilities given the stratum and without
reporting domains. replacement.

The information is used to construct strata and to The dimensions of stratification are shown in
dettrmine the sizes of the key reporting domains within Table I along with the maximum number of levels in
each of the defined strata. Given the stratum sizes and each dimension. The dimension labeled as Unknown
their composition, variance constraints are placed on contains all individuals for which at least one of the
parameter estimates describing domains defined within variable values needed to identify the appropriate level
one or more strata and overall. Equations are of stratification is missing from the source files used to
developed that describe the variances of the estimates construct the sampling frame. The stratum sizes
and the variable survey costs in terms of the salient resulting from forming all possible crosses of levels
features of the design, which are constants in the within dimensions were computed and compared with
equations, and the sample sizes to be allocated as the minimum stratum size consistent with a proportional
specified by the design structure, which are the allocation of a total sample size of 40,0M0.
unknowns in the equations. The equations are solved
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Table 1. Dimensions And Levels Of Stratification
Dimension Levels
Service Army

Navy
Marine Corps
Air Force
Coast Guard
Reserves and National Guard (AGR/TARS)

Location Continental United States (CONUS)
Outside Continental United States (OCONUS)

Pay Grade Enlisted Grades E I-E4
Enlisted Grades E5-E9
Company Grade and Warrant Officers
Field Grade Officers

Gender male
female

Race/Ethnic non-Hispanic White
ity non-Hispanic Black

Hispanic any race
Other

Unknown

Stratum cells smaller than the minimum were identified population are termed main effect domains in what
as candidates for collapsing into other cells follows. First order interactions are defined by crossing

In undertaking the collapsing, the dimensions of pairs of main effect domains, for example. gender by
stratification were considered to be nested in the order race. Higher order interactions are similarly defined.
in which they are presented in Table I. First, racial In addition to being important in their own right.
categories for females overall were collapsed into two variance constraints imposed on main effect domains
levels, non-Hispanic White and Other, except for act to control unequal weighting effects induced by the
female Marine Corps officers stationed overseas for total pattern of imposed constraints, particularly those
whom no racial categories were defined. Second, imposed on the higher order interactions (i.e.. smaller
locations were collapsed within the Coasý Guard and domains).
within the National Guard and Reserves combination. The number of main effect, first and second
A total of 180 strata were constructed, order interaction domains used to allocate the sample

Key reporting domains at the level of the overall together with their associated variance constraints are
population were defined using the same variables and shown in Table 2. The precision requirements cited in
variable values as were used for stratification with one Table 2 are confidence interval half-widths.
addition. The addition involved occupations, with
domains defined by the representation of women in an 3. Sample Allocation
occupation. Occupation specialties in the military are
different for officers and enlisted personnel. In each The variance constraints take the form.
case the relevant list of occupations was divided into
quartiles based on the proportion of women. Within the V ( . d
first quartile, which might be described as the most
extremely male dominated occupations, four domainsextrmel mae dminaed ccuatins, ourdomins where vd (n,) is the variance function for the d-th para-
were defined 'o further identify those occupations with
the very lowest representation of women. Otherwise the meter estimate and Kd is the constraint imposed by the
domains were defined by the quartiles of the investigator. The form of the variance function is, of
distribution, making a total of seven occupational course, specified by the design. The notation is
domains. intended to suggest that, regardless of its form. the

The domain sizes used to allocate the sample are variance is a function of unknown sample sizes. it,
the gender specific proportions of persons reporting at
least one of the behaviors that define unwanted sexual
attention. Domains defined at the level of the overall
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Table 2. Variance Constraints
Domain Number of Precision

Description Domains Requirements
Gender 2 0.02
Location 2 0.03
Service 1 6 0.05

Gender by Occupation 14 0.08
G,.nder by Race 8 0.05
Gender by Location 4 0.03
Gender by Service 1 12 0.05

Females by Pay Grade Group 3 6 0.03

Females, Enlisted by Service I 6 0.05

Females. Commissioned and Warrant Officers by Service 1 6 0.05

Females, E I-E3, by Active Duty Service 5 0.05

Females. E4, by Active Duty Service 2 5 0. 0

Females, E5-E6 by Active Duty Service 05 .I)

Females, E7-E9 by Active Duty Service-" 5 0.10

Females. Company Grade Officers by Active Duty Service 2 5 0. 10

Females, Field Grade Officers by Active Duty Service 2 5 0. 1

Males by Pay Grade Group 6 0.05

Males, Enlisted by Service 6 0.06

Males, Commissioned and Warrant Officers by Service 6 0.06

Males, E I-E3 by Active Duty Service 2 5 0.06
Males, E4-E9 by Active Duty Service 2 5 0.06
"" toal 124

Army. Navy. Marine Corps, Air Force, Coast Guard. National Guard and Reserves

2 Army. Navy. Marine Corps. Air Force. Coast Guard
E I-E3. E4. E5-E6. E7-E9, Company Grade Officer%, Field Grade Officers

In addition to the variance function, a cost )

function c(n,) is developed to describe the total -o(din)) Ad ) IIl
variable cost of the survey in terms of the same d(n) d d(n,)
unknown sample sizes. Variable costs may, in general,
be both domain and stratum specific. The cost If the variance constraints hold, then at n, there
modeling exercise is. therefore, to develop equations must exist values of the Lagrange multipliers Ad2 such
that describe the domain and stratum costs as
appropriate and then combine them in the proper that equation III evaluated at *n, is true and
proportions to obtain the overall cost. additionally,

Given the cost and variance functions, interest
lies in determining the values *n, that minimize the vd(fns ) , Kd * 121

objective function, d >0 131

o(n, .a ) = c(n, )+ I A (vd (n,) - K)

d Ad (1d (n)- Kd ) =0. 141
where the Ad are generalized Lagrange multipliers, one

for each of the variance constraints imposed. Taking Equations [11 through 141, with n, substituted in
derivatives of the objective function yields equations of equation [I], are the Karush-Kuhn-Tucker necessary
the form, conditions (Kuhn and Tucker (1951)). Sufficiency is
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argued on the basis that the cost function c(n, ) is a

convex function and the constraints Kd - v,, (n, are ~r~ 5  =(Nh -n~ ) J~ ( P - P11.

concave functions (see, tor example, Hillier and h

Lieberman (1974). pages 722 through 725).

At the level of an individual domain, the variance
3.1 Variance Model constraints in Table 2 are of the form

Define the indicator variables

= I. if the i-th individual in the h-th stratum Var{ P}_K I L(C.d %

belongs to the d-th domain.
0. otherwise. where Ci {P } are the confidence interval half-widths

= I . if the i-th individual in the h-th stratum reports reported in Table 2.

having experienced at least one of the be- •
haviors defining unwanted sexual attention. .. 2 Cost Model

=0. otherwise.
Then the total members of the domain who report A candidate list of activities to be potentially includedThena thettotal memberstofothehdomainowhogreport
having experienced at least one of the behaviors is the in a cost model consists of the following items:

quantity * sampling frame construction S
N,, sample selection

Nd 1j 45dh., a instrument development
* data collection
* data editing

where i = 1,2.- N5  identifies the individuals * data processing

classified into the h-th stratum. The relative domain * data analysis and reporting

size is the population proportion For the SAFS, with a single stage of sampling.

N variable survey costs are largely if not quite completely

P1 N " Pd.h defined by the data collection, dat. editing. and data
h , processing activities. Cost cocfficients can be

developed for these activities in terr A the per unit
where cost of packages sent out on th'. "nd second

mailings, C, and C,. and on the w.- nit costs of
N, packages that are returned, C 3 .

N. h 1 dh. The cost model takes the form.

Denote the sample estimr.ate of the proportion by c(n, n. C,
h

IV _where, denoting the response rates to th'e first and
P', - d second mailing by R, and R, respectively.

with variance -., C1.h + (I - RI., ) C,.h + (RI.h + R,.h ) C.1.1
RSh + R2+ h

v~n,>=Var[P (--h itiV •Var{PA,,h
V11 dIThe h-subscripts allow the cost coefficients and

response rates to be different in different strata if

where, if the stratum-level samples are selected with appropriate. Military postal services are used for these

equal probability and without replacement, surveys such that the cost coefficients are the same in
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all ,trata. However response rates were allowed to be were identified and progressively relaxed until a set ot

different according to Service. pay grade. gender, race constraints were developed that provided both an
and ethnicity based on current experience with related informative and an affordable study. Go~en the
surveys, specifications in Table 2. the ten constraints that were

the major determinants of the final allocation solutions

3.3 Allocation Solutions are listed in order in Table 3.
Note that all of the constraints in Table 3 are

second order interactions. This result is not surprising
"Taking derivatives of the objective function with in that such constraints involve quite fine subdivisions
respect to the stra;.um-level sample sizes, equating to of the total population. The first order interaction that
zero, and solving for the values nh yields solutions of is the most important in determininf the sample

the form, allocation is that imposed on female field , le officers.
with a Lagrange multiplier ratio of O.8?20. By

, Nh,2( N" ,comparison, all of the main effect constraints have
N N - Padh) ratios that are essentially zero, indicating that the

constraints were coincidentally satisfied with the
imposition, of the other constraints.

SCh Because the imposed constraints are inequalit
constraints, the average performance of the sample in

The solutions "nh and "Ad are found numerically. If general tends to be better, that is, tends to have smaller
variances, than is suggested by the constraints

to start the numerical procedure the initial values of the themseles. th e range contincs
Lgagmutpirarsetothemselves. Table 4 reports the range of confidence

interval half-widths computed using the allocation

solutions for comparison with the requirements listed in
Table 2.

(Z-)( a 0 1Shown also in Table 4 are the ranges of the
0]K,, design effects for the domain estimates. The major

component of the design effect is, of course, the

unequal weighting effect associated with the
then a comparison of the initial values ()Ad and the disproportionate sample allocation.

final values * A, will identify those variance constraints Design effects judged to be excessively large

that exert the major influence in determining the sample provide some guidance for modifying either the design
allocati e aer , th byaor implication, theermini the sampley. strata or the domain constraints or both. For example.
allocation and, by implication, the cost of the survey. In the Service associated with the design effect of 7.51 in
general the initial values chosen for this purpose are Table 4 is the Coast Guard. The efficiency of the
those values of the Lagrange multipliers that satisfy the design for this main effect constraint could perhaps he
constraints individually. Then final values that are improved by removing racially defined strata, as was
closest to these initial values identify those constraints done for the female Marine Corps stationed overseas,
that are the most important in determining the and collapsing pay grade strata. Alternately, or in
allocation. A small relaxation of the identified addition, the variance constraints imposed on the Coast
constraints can yield important reductions in the Guard higher order interaction domains could be
variable cost of the survey should the initially imposed relaxed.
constraints prove unaffordable. Constraints that are
satisfied coincidentally with the imposition of other
constraints will have final Lagrange multiplier values of 5. References
zero.

Chromy, J. R., 1987, Design Optimization With
4. Results Multiple Objectives, Proceedings of the Section on

Survey Research Methods, American Statistical
Association. p. 194-199.

The variance constraints listed in Table 2 were

determined over several iterations. Our initial
specifications of the constraints proved too restrictive to
be practical. At each iteration, those constraints that
were the major determinants of the allocation solutions
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Table 3. List of Ten Most Restrictive Constraints

Domain Description A,.

Females. Field Grade Officers, Coast Guard 0.9964
Females, E7-- ' Coast Guard 0.9955
Females. E i Coast Guard 0.9932
Males, E I-E3, tCoast Guard 0.9883
Males. Officers, Coast Guard 0.9852
Females, Field Grade Officers, Marine Corps 0.9795
Males. E I-E3. Air Force 0.9561
Females, E I-E3, Marine Corps 0.9401
Males, Officers, AGRITAR 0.9191
Males, Officers, Marine Corps 0.9126

Table 4. Variances and Design Effects
Domain Description Precision Design Effects

Gender 0.009 to 0.014 1.34 to 2.0(1
Location 0.014 to 0.027 3.82 to 5.54
Service 0.022 to 0.042 3.96 to 7.51
Gender by Occupation 0.021 to 0.080 1.66 to 4.07
Gender by Race 0.012 to 0.050 1. 13 to 2.71
Gender by Location 0.014 to 0.027 1. 10 to 2.11
Gender by Service 0.016 to 0.050 1.06 to 1.71
Females by Pay Grade Group 0.0 12 to 0.030 1.48 to 2.02
Females, Enlisted by Service 0.019 to 0.029 1.00 to 1.49
Females, Commissioned and Warrant Officers by Service 0.020 to 0.040 I.(X) to 1.09
Females, E I-E3 by Active Duty Service 0.046 to 0.050 1.31 to 1.63
Females, E4 by Active Duty Service 0.048 to 0.077 1.63 to 1.92
Females, E5-E6 by Active Duty Service 0.023 to 0.032 1. 17 to 1.23
Females, E7-E9 by Active Duty Service 0.050 to 0.086 1.78 to 1.88
Females, Company Grade Officers by Active Duty Service 0.027 to 0.037 1.30 to 1.44
Females, Field Grade Officers by Active Duty Service 0.046 to 0.087 1.67 to 1.78
Males by Pay Grade Group 0.029 to 0.050 1.50 to 1.80
Males. Enlisted by Service 0.029 to 0.060 1.01 to 1.11
Males, Commissioned and Warrant Officers by Service 0.053 to 0.059 1.00 to 1.01
Males. E I-E3 by Active Duty Service 0.059 to 0.060 1. 12 to 1.24
Males, E4-E9 by Active Duty Service 0.036 to 0.060 1. 11 to 1.90

Folsom, R. E. Jr., J. R. Chromy and R. L. Williams, Kuhn. H. W., and A. W. Tucker, 1951. Nonlinear
1979. Optimum Allocation of a Medical Care Programming, Proceedings of the Second Berkley
Provider Record Check Survey: An Application of Symposium on Mathematical Statistics and
Survey Cost Minimization Subject to Multiple Probability, J. Neyman ed.. University of California
Variance Constraints, presented at the Joint National Press, Berkeley, CA. p. 481-492.
Meetings of the Institute of Management Science and
the Operations Research Society.

Hillier, F. S.. and G. J. Lieberman. 1974, Operations
Research, Second Edition, Holden-Day, Inc., San
Francisco CA, 80Op.
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